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1 . Field of the Invention 

The present invention relates to a method of manufacturing films superior in 
antistatic property, and, more particularly, to an antistatic film manufacturing method 
suitable for manufacturing antistatic films such X-Ray films, cinematographic color 
positive films and color proof films that are under protection from static troubles such as an 
occurrence of static marks and/or static clogging and adhesion of film flour or dust. 

2. Description of Related Art 

There have been proposed various approaches to preventing an occurrences of static 
troubles of photographic and radiographic films due to static electricity or contact 
electrification such as static marks occurring to X-Ray and clinging between 
cinematographic color positive films and between color proof films. Conventionally, it is an 
established theory that static troubles of these photographic and radiographic films are 
cleared away as long as only increasing electric leakage performance of the film. In light of 
the estabhshed theory, approaches have been centrally focused on lowering surface 
resistivity of the films. 

However, in recent years, it is found that films encounter clinging aggravated rather 
than insignificant when providing the films with low resistivities for enhanced electric 
leakage performance. That is, static troubles occur due to various factors other than 
electrification properties and electric leakage performances. For example, silver films cause 



static marks owing to surface texture such as surface irregularities as well as their 
electrification properties and electric leakage performances. Further, plastic sheet films 
such as X-Ray films cause clinging under the influence of planarity, elastic behaviors, 
friction coeflRcient, etc of them as well as their electrification properties and electric 
leakage performances. For this reason, there is a strong demand for improvement and 
development of technique of preventing the films from occurrences of static troubles such 
as static marks and static clinging. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to provide a method of 
manufacturing antistatic films that are superior in antistatic property and immune to 
outbreaks of static troubles such as static marks of X-Ray films, static clinging of 
cinematographic color positive films and color proof films, adhesion of film flour and/or 
dust to these films. 

On intensive studies, the inventor of this application has attained the knowledge that 
troubles of films due to static electricity (contact electrification) are attributed to a balance 
of electrostatic property and charge leakage efficiency of the film and that electrification 
characteristics of all types of films can be clearly defined on the basis of an R-V orthogonal 
coordinates diagram of electrical conductivity (surface resistivity) R and electrostatic 
property (surface potential) V. 

That is, the inventive subject matter is directed to manufacturing antistatic films 

having proper electrification properties that are defined according to types and applications 

of the antistatic films on the basis of simulated outbreaks of static trouble such as static 

marks and/or static clinging of sample films having electrostatic charges (V) and surface 

resistivity (R) either one or both of which diflFer stepwise from one another that are 
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expressed in R- V orthogonal coordinate diagrams. 

Specifically, the method of manufacturing an antistatic fihn comprising the steps of 
preparing a plurahty of sanq^le fihns having electrostatic charges (V) and surface resistivity 
(R), at least one of the electrostatic charges (V) and surface resistivity (R) differing 
stepwise from one another, making a simulation of static trouble outbreaks by running the 
sample films through a given simulation equipment under specified conditions, expressing 
electrostatic charges (V) and surface resistivity (R) of the sample films that cause static 
troubles in the simulation of static troubles in an R-V orthogonal coordinate diagram and 
defining a proper rang of electrostatic property for the antistatic film on the R-V orthogonal 
coordinate diagram that excludes electrostatic charges (V) and surface resistivity (R) of the 
sample films that cause unacceptable static troubles. When designing and manufacturing 
films so as to have an electrification property falling within the proper range, the films do 
not run into static troubles. This antistatic film manufacturing method of the present 
invention is favorably apphed especially to X-Ray films, cinematographic color positive 
films and color proof films. 

According to the method of manufacturing antistatic films applied to X-Ray films, 
sample X-Ray films are made different stepwise in electrostatic charges by adding one or 
more surface active agents selected from a group of fluorochemical surface active agents 
and polyoxyethylene surface active agents to surface protection layers of the sample X-Ray 
films. 9. Further, the ample X-Ray films are made different stepwise in surface resistivity 
by adding fine particles of one or more metal oxides selected from a group of ZnO, Ti02, 
SnOa, TAI2O3, IniOs, SiOz, MgO, BaO and MoO to surface protection layers of the sample 
X-Ray films. 

The simulation of static trouble outbreaks of the sample X-Ray films is carried out 

under the ambient conditions of a temperature in a range from 10°C to 35°C and a relative 
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humidity lower than 25% and, desirably under the greatest level of loading that is applied 
to the antistatic X-Ray films during practical use. Further, the simulation of static trouble 
outbreaks is carried out by running the sample X-Ray film by rollers made of either one of 
chloroprene rubber and nitrile rubber under conditions of a film transport speed in a range 
from 10 m/min to 20 m/min and a nip pressure in a range from 4 kg/cm^ to 5 kg/cm^. 

The proper range of electrostatic property for the antistatic X-Ray film is defined by 
a range of surface resistivity from lO^^Q to 10^"* Q between electrostatic charges of -0.8 x 
10'^ and 1.2 X 10"^ Q/cm^. When designing and manufacturing an antistatic X-Ray film so 
as to satisfy the proper range of electrification property, the X-Ray film does not run into 
static mark troubles due to electrostatic charges produced through contact electrification. 

According to the method of manufacturing antistatic films applied to an endless 

cinematographic film wound in a roll, sample cinematographic color positive films are 

different stepwise in electrostatic charges by adding one or more surface active agents 

selected from a group of fluorochemical surface active agents and polyoxyethylene surface 

active agents to the surface protection layers. Further, the sample cinematographic color 

positive films are made different stepwise in surface resistivity by adding fine particles of 

one or more metal oxides selected from a group of ZnO, Ti02, Sn02, TAI2O3, InzOs, SiOz, 

MgO, BaO and MoO to the backing layers. The simulation of static trouble outbreaks is 

carried out under the greatest level of loading that is applied to the antistatic 

cinematographic color positive films during practical use. The simulation of static trouble 

outbreaks is carried out by running the sample cinematographic color positive film by brain 

rollers made of either one of chloroprene rubber and nitrile rubber under the conditions of a 

film transport speed in a range from 10 m/min to 20 m/min and a nip pressure in a range 

from 4 kg/cm^ to 5 kg/cm^ and desirably under the ambient conditions of a temperature in a 

range from 10*^C to 35°C and a relative humidity lower than 25%. 
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The proper range of electrostatic property for the antistatic cinematographic color 
positive film is defined by a range of surface resistivity greater than lO^^Q. 

The cinematographic color positive fihn withdraw^n from a roll is charged with 
positive static at a top surface (a surface protection layer) through contact with and 
detachment from brain rollers of a platter tj^e cinematographic projector. Simultaneously, 
the cinematographic color positive film induces counter charges (negative charges) at a 
back surface (backing layer) opposite to the protection surface. At the same time, positive 
charges of the cinematographic color positive film at the back surface flow into 
convolutions (rolled portions) of the cinematographic color positive film that has a 
comparatively large electrostatic capacity. When the convolutions of the cinematographic 
color positive film is low in surface resistance at the back surface, the rolled portions of the 
cinematographic color positive induce negative charges at their back surfaces, so as thereby 
to cause the convolutions of the cinematographic color positive film to cling to one another 
by the influence of coulombic attraction. 

However, when designing and manufacturing a cinematographic color positive 
films so as to satisfy the proper range, the cinematographic color positive film does not run 
into static clinging troubles. 

According to the method of manufacturing antistatic films applied to a color proof 

film, simulation of static trouble outbreaks is carried out under a condition that a sample 

color proof film is ejected into a stack of a plurality of, desirably four or five, sample color 

proof fihns. The sample color proof films are made diflferent stepwise in electrostatic 

charges by adding one or more surface active agents selected from a group of 

fluorochemical surface active agents and polyoxyethylene surface active agents to the 

surface protection layers and also made different stepwise in surface resistivity by adding 

fine particles of one or more metal oxides selected from a group of ZnO, TiOi, Sn02, 
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TAI2O3, 111203, Si02, MgO, BaO aiid MoO to the backing layers. The simulation of static 
clinging outbreaks is carried out under ambient conditions of a temperature in a range from 
lO'^C to 35°C and a relative humidity lower than 25%. 

The proper range of electrostatic property for the antistatic color proof film is 
defined by a range of surface resistivity greater than 10"Q regardless of electrostatic 
charges and a range of surface resistivity less than 10* between surface potentials of -0.5 
kVandO.SkV 10'^ 

When printed color proof films are stacked. Each slacked color proof film is highly 
insulative and, in consequence, keeps electrostatic charges fi*om escaping therefrom, so that 
the stack of printed color proof films has a potential boosted up according to the number of 
stacked color proof films. Therefore, a printed color proof film dischai ged on the stack of 
color proof films induces counter charges at the back surface. In consequence, the 
discharged color proof film and the uppermost one of the stack of color proof films cling to 
each other due to coulombic attraction between the electostatic charges and counter 
charges. 

However, when designing and manufacturing a color proof film so as to satisfy the 
proper range, the color proof film does not run into static clinging troubles. 

It is preferred to employ the suiface active agent expressed by the following 
chemical formula among the above mentioned fluorochemical surface active agents. 

C8Fi7S02N-CH2CH2(OCH2CH2)nOH 

C3H7 n^^5 

It is preferred to employ the surface active agent expressed by the following 

chemical formula among the above mentioned polyoxyethylene surface active agents. 
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CH3 

CH2F(CH2)7CH=CH(CH2)7CON CH2CH2S03Na 



BRIEF DESCRIPTION OF THE DRAWINGS 
. The above and other objects and features of the present mvention will be clearly 

understood from the following detailed description when read with reference to the 

accompanying drawings, in which: 

Figure 1 is a schematic view showing simulation of electrification property of an 

X-Ray film; 

Figure 2 is an R-V diagram showing a proper range of electrification propeity for 
prevention of static failure of an X-Ray film by way of example; 

Figure 3 is a schematic view showing the aspect of transport of a cinematographic 
color positive film; 

Figure 4 is an R-V diagram showing a proper range of electrification property for 
prevention of clinging between cinematogi aphic color positive films by way of example; 

Figure 5 is a schematic view showing an apparatus for discharging a color proof 

film; 

Figure 6 is a schematic illustration showing discharging of a printed color proof 
film onto a attack of color proof films; and 

Figure 7 is an R-V diagram showing a proper range of electrification property for 
prevention of static clinging between color proof films by way of example. 

DETAILED DESCRIPTION OF THE PREFERflED EMBODIMENTS 

The antistatic film manufacturing method of tlie present invention includes 
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performing simulation of occurrences of static troubles such as static marks and/or static 
clinging by running sample films which have electrostatic properties different from one 
another under specified conditions, defining a proper range of electrostatic charges 
described ia surface potential (V) and electric leakage performance described in surface 
resistivity (R) film on an R-V diagram in which occurrences of static troubles of the sample 
films resulting from the simulation are expressed in the form of orthognal coordinates, and 
designing and manufacturing antistatic films so as to satisfy the proper range of 
electrification property. The proper range of electrification property for an antistatic film is 
estabhshed by defining a range excluding static troubles occurred on the sample films that 
are unacceptable for antistatic films in an R-V orthognal coordinate diagram of electrostatic 
charges (V) and surface resistivity (R) which expresses static trouble outbreaks of the 
sample films resulting from the static trouble outbreak simulation at x-y coordinates of the 
electrostatic charges (V) and surface resistivity (R) of the film. 

Li this instance, it is preferred to use sample films having electrostatic charges 
(which is described as surface potential V if convenient) and surface resistivity, either one 
or both of which are different stepwise from one another, for the simulation. It is further 
preferred to define the proper range of electrification property differing according to types 
and/or applications of intended antistatic films. The antistatic film manufacturing method 
of the present invention places no restraints on types and/or apphcations of antistatic films 
and is, however, favorably applied especially to X-Ray films, cinematographic color 
positive films and color proof films. 

X-Ray films that are to be manufactured by the antistatic film manufacturing 

method of the present invention have at least one silver halide emulsion layer on a film 

base and, if necessary, may fixrther have various layers such as a surface protection layer, an 

intermediate layer, a backing layer, an antihalation layer and an antistatic layer. There are 
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no specific restrictions on structures and film materials of X-Ray films. 

In manufacturing antistatic X-Ray films, a static mark outbreak simulation is 
performed using sample X-Ray films which are different stepwise in either one or both of 
electrostatic charges (V) and surface resistivity (R) fi-om one another. A proper range of 
electrification property for the antistatic X-Ray film is established by defining a range 
excluding static marks occurred on the sample X-Ray films that are unacceptable for the 
antistatic X-Ray film in the R-V orthognal coordinate diagram of electrostatic charges (V) 
and surface resistivity (R). X-Ray films that are designed and manufactured so as to have 
an electrification property falling within the proper range of electrification property is 
reliably prevented fi-om getting static marks. 

In order for the sample X-Ray films to build up electrostatic charges differing 
stepwise fi-om one another, it is preferred to add one or more surface active agents selected 
fi'om a group of fiuorochemical surface active agents and polyoxyethylene surface active 
agents to surface protection layers of the sample X-Ray films. Such a fiuorochemical 
surface active agent decreases electrostatic charges of the sample X-Ray films, in other 
words, shifts surface potentials of the sample X-Ray films toward the minus side. On the 
other hand, such a polyoxyethylene surface active agent increases electrostatic charges of 
the sample X-Ray films or shifts surface potentials of the sample X-Ray films toward the 
plus side. The stepwise variations in electrostatic charges of the sample X-Ray films are 
easily realized through quantitative adjustment of these fiuorochemical and/or 
polyoxyethylene surface active agents. 

Although commercially available fiuorochemical surface active agents can be 
utilized without any restraints and selectively employed according to types of X-Ray films, 
it is preferred to employ fiuorochemical surface active agents e?q)ressed by the following 
chemical formulas I to V. 
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C8Fi7S02N-CH2CH2(OCH2CH2)nOH 



C3H7 



(I) 



C8F17SO2NCOOK 



(II) 



CsFi 7SO2-N-CH2CH2O— P — OH 



(III) 



OH 



CH3 



RfCONH(CH2)3 — N 



© 

■CH3COO 



(IV) 



CH3 



Rf:C8Fi7(50%),CioF2i(35%).Ci2F25 Ci4F29(30%).C6Fi3(2%) (V) 

Among tliem, it is especially preferred to employ the fluorochemical surface active 
agent expressed by tlie chemical formula I. Tlie added mass of fluorochemical surface 
active agent is desirably in a range from 0.01% to 0.5% of the mass of the surface 
protection layer of the sample X-Ray film. 

Although commercially available polyoxyethylene surface active agents can be 

utilized without any restraints and selectively employed according to types of X-Ray films, 

it is preferred to employ fluorochemical surface active agents expressed by the following 
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chemical formulas VI to IX. 




C12H25-O- (CH2CH20)n— H n = 1 0 (VII) 



Ci6H33~0-(CH2CH20)Tr-H n = 10 (VIII) 



CH3 

CH2F(CH2)7CH=CH(CH2)7CON CH2CH2S03Na (IX) 

Among them, it is especially preferred to employ the polyoxyethylene surface 
active agent expressed by the chemical formula IX. The added mass of polyoxyethylene 
surface active agent is in a range from 0.02 weight % to 0.5 weight % of the mass of the 
surface protection layer of the sample X-Ray film. 

Furtlier, in order to provide the sample X-Ray films with surface resistivity different 
stepwise, it is preferred to add fine particles of a metal oxide selected from a group of ZnO, 
Ti02, SnOi, TAI2O3, In203, SiOi, MgO, BaO and MoO to a surface protection layer of the 
sample X-Ray film. Among them, it is especially preferred to add fine particles of SnOi. 
The added mass of metal oxide fine particles is in a range from 10 weight % to 95 
weiglit % of the mass of the surface protection layer of the sample X-Ray film. 

It is preferred to perform the static mark outbreak simulation using the sample 

X-Ray films under the ambient conditions of a temperature in a range from 10°C to 35°C 
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and a relative humidity lower than 25%, more desirably under the ambient conditions of a 
temperature in a range from 20°C to IS^'C and a relative humidity lower than 20%. Further, 
in light of adaptability to variations in film transport condition of commercially available 
X-Ray equipments, it is preferred to perform the static mark outbreak simulation of the 
sample X-Ray films under the greatest level of loading applied to the sample X-Ray films 
traveling in an X-Ray photographic equipment or an X-Ray film processing equipment 
employed as a simulator. More specifically, the static mark outbreak simulation under the 
greatest level of loading is performed using a film transport mechanism 5 with a transport 
roller 6 made of chloroprene rubber or nitrile rubber of a X-Ray photographic equipment or 
a X-Ray fihn processing equipment such as schematically shown by way of example in 
Figure 1. The simulation is made under the conditions of a film transport speed of 10 
m/min to 120 m/min and a nip pressure of 4 to 5 kg/cm^, and more preferably, the 
conditions of a film transport speed of 60 to 120 m/min and a nip pressure of 3 to 5 kg/cm^. 

Although commercially available X-Ray photographic equipments can be utilized 
as a simulator equipment regardless with their types and selectively employed according to 
apphcations of antistatic X-Ray films, it is preferred to employ, for example, high speed 
cameras such as a cerebral camera, automatic film transport equipments such as an 
automatic film feeder, a film receive/supply equipment and a film changer, X-Ray 
televisions, automatic film processors or the like. 

The R-V diagram is drawn from the result of the static mark simulation of the 

sample X-Ray films such as shown in Figure 4 on the basis of evaluation of occurrences of 

static marks. The sample X-Ray films that are considered acceptable as antistatic X-Ray 

films have electrification properties in a range of surface resistivity from 10^^ to 10^"^ Q 

between limits of electrostatic charges of -0.8 x 10'^ and 1.2 x 10"^ Q/cm^, Accordingly, the 

proper range of electrification property for antistatic X-Ray films is a range of surface 
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resistivity from 10^^ to 10^"* Q between limits of electrostatic charges of -0.8 x 10"^ and 1.2 
X 10'^ Q/cm^. Any types of X-Ray films that are designed and manufactured so as to have 
electrification properties falling within the proper range are reliably prevented from causing 
static troubles such as static marks. 

Cinematographic color positive films that are to be manufactured by the antistatic 
film manufacturing method of the present invention comprise silver halide emulsion layers 
(which generally include at least one red sensitive emulsion layer, one green sensitive 
emulsion layer and one blue sensitive emulsion layer) coated on a film base and, if 
necessary, may further comprise layers such as a surface protection layer, an intermediate 
layer, a backing layer, an antihalation layer and an antistatic layer. There are no specific 
restrictions on structures and film materials of cinematographic color positive films, and 
commercially available cinematographic color positive films are favorably manufactured 
by the antistatic film manufacturing method of the present invention. 

hi manufacturing an antistatic cinematographic color positive film, sample 

cinematographic color positive films that are different in one or both of electrostatic 

charges (V) and surface resistivity (R) stepwise from one another and static clinging 

simulation of the sample color proof films is performed. A proper range of electrification 

property for antistatic cinematographic color positive film is estabUshed by defining a 

range excluding static clinging occurred in the sample cinematographic color positive films 

that are unacceptable for the antistatic cinematographic color positive film in the R-V 

orthognal coordinate diagram of electrostatic charges (V) and surface resistivity (R). 

Cinematographic color positive films that are designed and manufactured so as to have 

electrification properties falling within the proper range of electrification property is 

rehably prevented from causing static clinging. 

hi the case where an endless cinematographic color positive film is wound in a roll, 
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it is preferred to add one or more surface active agents selected from a group of 
fluorochemical surface active agents and polyoxyethylene surface active agents to the top 
layers, namely the surface protection layers, of the sample cinematographic color positive 
films so as thereby to provide the sample cinematographic color positive films with 
electrostatic charges differing stepwise from one another. The same fluorochemical surface 
active agents and polyoxyethylene surface active agents as utilized in the sample X-Ray 
films described above can be employed. Further, it is preferred to add fine particles of a 
metal oxide to bottom layers, namely backing layers, of the sample cinematographic color 
positive films so as thereby to provide the sample cinematographic color positive films with 
surface resistivity differing stepwise from one another. The same fine particles of metal 
oxide as utilized in the sample X-Ray films described above can be employed. 

In light of variations in environmental conditions and/or film transport conditions, it 
is preferred to perform the static clinging simulation of the sample cinematographic color 
positive films desirably under the greatest level of loading applied thereto in a 
cinematographic projector. Although commercially available cinematographic projectors 
can be utilized as a simulator equipment regardless with their types and desirably 
selectively employed according to applications of cinematographic color positive films, it is 
preferred to employ a horizontal platter type of cinematographic projector provided with an 
endless film feeder 50 such as schematically shown by way of example in Figure 3. 

The endless film feeder 50 of a horizontal platter type cinematographic projector 
operates as follows. 

An endless cinematographic color positive film 52 in a roll 51 such as a cockade 

roll, a torus-shaped roll or the like received in a case is unwound from the innermost 

convolution of the roll 51. The cinematographic color positive film 52 is transported by a 

pair of brain rollers 53 of a brain mechanism B at a controlled speed and travels to a 
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projector unit 55 passing through guide rollers 54 and is projected by the cinematographic 
projector unit 55. Subsequently, the cinematographic color positive film 52 travels passing 
through guide rollers 56 and then is wound up around the outermost convolution of the roll 
51. The color positive film 52 is endlessly routed in the endless film feeder 50. While 
passing through between the brain rollers 53, the cinematographic color positive film 52 is 
rubbed by the brain rollers 53 and electrically charged in consequence. The 
cinematographic color positive film 52 is caused to electrostatically clinging between 
convolutions of the roll 51. 

It is desirable to perform the static clinging simulation of the sample 
cinematographic color positive films under the ambient conditions of a temperature in a 
range from 10*^C to 35°C and a relative humidity lower than 25%, more desirably the 
ambient conditions of a temperature in a range from 20°C to 25°C and a relative humidity 
lower than 20%. It is preferred to transport the cimematographic color positive film 52 at a 
speed in a range from 5 m/min to 100 m/min, more desirably in a range from 30 m/min to 
80 m/min, when the brain rollers 53 are made of chloroprene rubber or nitrile rubber. 

The R-V diagram is drawn from the result of the static clinging simulation of the 

sample cinematographic color positive films as shown in Figure 4 on the basis of 

evaluation of occurrences of static clinging. The sample cinematographic color positiv 

films that are considered acceptable as antistatic cinematographic color positive films have 

electrification properties in a range of surface resistivity greater than 10^^ Q regardless of 

with electrostatic charges. Accordingly, the proper range of electrification property for 

antistatic cinematographic color positive films is a range of surface resistivity greater than 

10^^ Q regardless of with electrostatic charges. Any cinematographic color positive films 

that are designed and manufactured so as to have electrification properties falling within the 

proper range do not run into static clinging troubles. 
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Antistatic color proof films that are to be manufactured by the antistatic film 
manufacturing method of the present invention comprises silver halide emulsion layers 
(which generally include at least one red sensitive emulsion layer, one green sensitive 
emulsion layer and one blue sensitive emulsion layer) coated on a film base and, if 
necessary, may further comprise layers as such as a surface protection layer, an 
intermediate layer, a filter layer, an antihalation layer, a backing layer and a white reflection 
layer. There are no specific restrictions on structures and materials of color proof films, and 
commercially available color proof films are favorably manufactured by the antistatic film 
manufacturing method. 

Sample color proof films that are different in either one or both of electrostatic 
charges (V) and surface resistivity (R) stepwise from one another are prepared and static 
clinging simulations of the sample color proof films is implemented under specified 
conditions. A proper range of electrification property for antistatic color proof film is 
estabhshed by defining a range excluding static clinging occurred in the sample color proof 
films that are unacceptable for the antistatic color proof film in the R-V orthognal 
coordinate diagram of electrostatic charges (V) and surface resistivity (R). Color proof 
films that are designed and manufactured so as to have electrification properties falling 
within the proper range is reliably prevented from causing static clinging. 

The static clinging simulation is performed using a color printing machine 100 as a 

simulator equipment such as shown in Figures 5 and 6 or a color copying machine in such a 

way to discharge a sample color proof film 20 into a stack in a direction indicated by an 

arrow in Figure 5. Electrostatic charges of the sample color proof film 20 are measured by 

an electrometer 30. The stack desirably includes two to five sample color proof films, and 

mode desirably, four to five sample color proof films. This is because, even though a single 

color proof fihn is affected with less electrostatic charges, the color proof films 
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accumulated in a stack are affected with massive electrostatic charges, as a result, the color 
proof films are apt to cause static clinging to one another easily. 

In order for the sample color proof films to built up electrostatic charges differing 
stepwise from one another, one or more surface active agents selected from a group of 
fluorochemical surface active agents and polyoxyethylene surface active agents are added 
to the silver halide emulsion layers of the sample color proof films. The stepwise variations 
of electrostatic charges of the sample color proof films are easily realized through 
quantitative adjustment of these surface active agents. Further, in order for the sample color 
proof films to have surface resistivity differing stepwise from one another, fine particles of 
a metal oxide are added to the backing layers of so that the sample color proof films . The 
stepwise variations of surface resistivity of the sample color proof films are easily realized 
through quantitative adjustment of the fine particles. The same surface active agents and 
oxide metal as added to the sample X-Ray films may be employed for the sample proof 
films. 

It is desirable to perform the static clinging simulation of the sample color proof 
films using the color printing machine 100 as a simulator equipment under the ambient 
conditions of a temperature in a range from lO^^C to 35°C and a relative humidity lower 
than 25%, and more desirably under the ambient conditions of a temperature in a range 
from 20°C to 25^C and a relative humidity lower than 20%. 

The R-V diagram is drawn from the result of the static clinging simulation of the 

sample color proof films as shown in Figure 7 on the basis of evaluation of occurrence of 

static clinging. The sample color proof films that are considered acceptable as antistatic 

color proof films have electrification properties in a range of surface resistivity greater than 

10^^ Q regardless of electrostatic charges or have electrification properties in a range of 

electrostatic charges from a surface potential of -0.5 kV to 0.5 kV when having surface 
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resistivity less than 10^^ Q. Accordingly, the proper range of electrification property of 
antistatic color proof films is a range of surface resistivity greater thanlO^^ Q in the R-V 
diagram. Color proof films that are designed and manufactured so as to have electrification 
properties falling within the proper range is rehably prevented fi-om causing static clinging 
troubles. 

The following description will be directed practical examples of the simulations of 
static mark outbreaks and static chnging occurrences. 

X-Rav films 

The static mark outbreak simulation of sample X-Ray films was practically carried 
out by running the sample X-Ray films 7 using the transport roller 6 of the film transport 
mechanism 5 shown in Figure 1 at a film transport speed of 10 m/min to 120 m/min under a 
nip pressure of 4 kg/cm^ to 5 kg/cm^ under the ambient conditions of a temperature of 20°C 
and relative humidity less than 20%. Surface resistivity of the sample X-Ray films were 
measured by the use of a commercially available resistance meter such as, for example, 
ADVANTEST R8340A ULTRA fflGH RESISTANCE METER. Electrostatic charges of 
the sample X-Ray films were measured by the use of a commercially available electrometer 
such as, for example, ELECTROMETER 6 IOC manufactured by Casely Corporation. It has 
been ascertained that commercially available X-Ray fihns are often affected with static 
mark troubles under these conditions. 

The sample X-Ray films 7 were adjusted in electrostatic charges stepwise in a range 

from -1.8 X 10'^ Q/cm^ to 2.0 x 10"^ Q/cm^ by adding a fluorochemical surface active agent 

expressed by the chemichal formula (I) and a polyoxyethylene surface active agent 

expressed by the chemichal formula (IX), each surface active agent differing in quantity 

stepwise in a range from 0 to 2.0 weight %, to their surface protection layers. The sample 

X-Ray films 7 were also adjusted in surface resistivity stepwise in a range from lO^Q to 
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lO'^^Q by adding fine particles of a metal oxide (Sn02) differently stepwise in quantity in a 
range from 0 to 2.0 weight %, to their surface protection layers. 

Outbreaks of static marks on the sample X-Ray films were visually observed for 
evaluation and the R-V diagram was drawn from the result of the evaluation as shown in 
Figure 2 in which a mark O indicates no occurrence of static marks and other marks 
indicates an occurrence of static marks, very minor, minor or remarkable. As apparent from 
the R-V diagram, it is demonstrated that electrostatic charges are sufficient for antistatic 
X-Ray films to be adjusted at to a surface potential of 20V (= (-80+120)/2) in a range of 
surface resistivity from lO^^Q to lO^'^Q. The proper range of electrification property for 
antistatic X-Ray films that are prevented from causing static marks is in a range of surface 
resistivity from lO^^Q to lO^'^Q and in a range of electrostatic charge from -0.8 x 10'^ 
Q/cm^ to 1.2 X 10*^ Q/cm^ (which is the region except shaded areas in the R-V diagram). 

As a result of a practical demonstration of antistatic X-Ray films that were designed 
and manufactured so as to have electrification properties falling within the proper range, it 
was proved that the antistatic X-Ray films did not run into static mark troubles. 
Cinematoeraphic color positive films 

The static clinging outbreak simulation sample cinematographic color positive films 
was practically carried out by projecting the cinematographic color positive films using the 
horizontal platter type projector equipped with the endless film feeder 50 having 
chloroprene rubber brain rollers 53 as shown in Figure 3 at a film transport speed of 60 
m/min under the ambient conditions of a temperature of 24®C and relative humidity less 
than 20%. 

20 sample cinematographic color positive films were adjusted in electrostatic 

charges stepwise by adding the same surface active agents as those applied to the sample 

X-Ray films described above differently stepwise in quantity to their surface protection 
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layers in the same manner as applied to the sample X-Ray films. Further, the sample 
cinematographic color positive films were also adjusted in surface resistivity stepwise by 
adding the same fine particles of a metal oxide as thoese applied to the sample X-Ray films 
differently stepwise in quantity to their backing layers in a similar manner appUed to the 

sample X-Ray films. 

Outbreaks of static clinging in tiie sample color positive films were visually 
observed for evaluation and the R-V diagram was drawn fi-om the result of the evaluation 
as shown in Figure 4 in which a mark O indicates no occurrence of static clinging and 
other marks indicates an occurrence of remarkable static clinging. As apparent fi-om the 
R-V diagram, it is demonstrated that the proper range of electrification property for 
antistatic cinematographic color positive films is a range of surface resistivity higher than 
10^^ Q regardless of electrostatic charges. 

As a result of a practical demonstration of antistatic X-Ray films that were designed 
and manufactured so as to have electrification properties falling within the proper range, it 
was proved that the antistatic cinematographic color positive films did not run into static 
clinging troubles. 
Color proof films 

The static clinging outbreak simulation sample color proof films was practically 
carried out using a printing machine as a simulator equipment such as shown in Figure 5 by 
printing a sample color proof film and discharging it on a stack of five printed color proof 
films under the ambient conditions of a temperature of 24°C and relative humidity less than 
20%. Surface resistivity of the sample X-Ray films were measured in surface potential (V) 
by the use of a commercially available electrometer such as, for example, TRZK 360. 

30 sample color proof films were adjusted in electrostatic charge and surface 

resistivity stepwise fi"om one another by adding the same surface active agents as those 
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applied to the sample X-Ray films described above differently stepwise in quantity to their 
surface image forming layers in the same manner as apphed to the sample X-Ray films. 
Further, the sample color proof films were also adjusted in surface resistivity stepwise by 
adding the same fine particles of a metal oxide as thoese applied to the sample X-Ray films 
differently stepwise in quantity to their backing layers in a similar manner applied to the 
san^le X-Ray films. 

Outbreaks of static clinging of the sample color proof films were examined for 
evaluation and the R-V diagram was drawn fi*om the result of the evaluation as shown in 
Figure 7 which a mark O indicates no occurrence of static clinging and other marks 
indicates an occurrence of remarkable static clinging. As apparent fi-om the R-V diagram, it 
is demonstrated that the proper range of electrification property for antistatic color proof 
films is a range of surface resistivity higher than 10^^ Q regardless of electrostatic charges 
and a range of electrostatic charges expressed in surface potential fi*om -0.5 kV to +0.5 kV 
for surface resistivity less than 10^^ Q. Electrostatic charges of the sample color proof fihns 
were measured by the use of a commercially available electrometer such as, for example, 
TRZK ELECTROMETER 360. 

As a result of a practical demonstration of antistatic X-Ray films that were designed 
and manufactured so as to have electrification properties falling within the proper range, it 
was proved that the antistatic color proof films did not run into static clinging troubles. 

It is to be understood that, although the present invention has been described with 
regard to various preferred embodiments thereof, various other embodiments and variants 
may occur to those skilled in the art, which are within the scope and spirit of the invention, 
and such other embodiments and variants are intended to be covered by the following 
claims. 
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